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WO 2007/ 099116PCT1EP20071051891 1 Hearing aid
and nmet hod of conpensation for direct sound in
hear i nq ai ds 5 BACKGROUND OF THE | NVENTI ON 1.

WOSPOHORYIS hvention 10 The present invention r%%(@@”’f"&lsm
the field of hearing ai ds! The invention nore
specifically relates to hearing aids utilizing
conpensation for direct sound. The invention, nore
particularly relates to hearing aids having neans for

, adjusting the hearing aid gain based on a rationale

HearingadidizitEmetiiéd ofieofipeinsationdor directsoimad i hpadag iaids
around the hearing aid earpiece, and, still nore
particularly, respective 15 systens and net hods

gy of the related art Hearing
BACKGROUND oF TRESRVEN TR

S are adapted provi ding at the users eardrum a
version of the 20 acoustic environnent that has been
anplified according to the users prescription. This -
is normal |y achi eved by providing a device with a

1. Field efte@horgtioan anplifier and a m ni ature | oudspeaker
situated in an earpiece placed in the users ear

canal. It is well known that there may be acoustic

The pr&@ihe wﬁ‘éﬂﬂ&? n%lgtpes? ke 798 of hO&FiIcy 9RY. Fh einlvEﬁtl&h rnlo{/e

non- seal e here may be a vent er at
specificallpnglatisi to Helaeing aids wilieingaon®iensatien fhedirecbsmindbdbe

mvenli i i e Aot 08 o A FESTA e

hearm’-’g él@sg%uﬁ Pasc 66l aRhBsTls that fdkdshate dausuat tlh@\ldn‘é@wtshrﬁo
ass the hearing aid to reach the ear

by
propagatiebaicsinddheteadng pideearpisae Fard. stk ovse @eem@rwl fgspactive

" for 30 fitting a hearing aid",
SVSter\r/\'%/%thﬁ%mEerew "I ncorporated by reference, provi des
a rret hod for estimating otherw se unknown functions
nt effect and the direct transm ssion

2. Deﬁzgqpﬁorpgf r@nquﬁegla[tu hearing aid. The thereby gi ven

estimate of the
Hearing aids are adapted for providing at the users eardrum a version of the
acoustic eevirenfnent that has been amplified according to the users prescription.
This is normally achieved by providing a device with a microphone, an amplifier and
a miniature Ioudspeaker situated in an earpiece placed in the users ear canal. It is
well known that there may be acoustic leaks around the earpiece. There may e.g.
be a non-sealed fit or there may be a vent deliberately arranged in the earpiece for
considerations about user comfort, e.g. for relieving the sound pressure created by
the users own voice. Such leaks may cause a loss in sound pressure and they may

aliow sound to bypass the hearing aid to reach the ear drum.

Unpublished PCT appilication PCT/EP2005/055305 titled “Method and system for
fitting a hearing aid”, which is herewith incorporated by reference, provides a
method for estimating otherwise unknown functions such as the vent effect and the

direct transmission gain for an in-situ hearing aid. The thereby given estimate of the
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- 2 - direct transm ssion gain presents the
anplification of sound fromthe outside of the vent
"to the eardrum These functions were used for
correcting the in-situ audi ogram the hearing aid
gain as well as the direct "transm ssion gain by the
vent effect. 5It is a wdely known problemin hearing
aid design that a hearing aid gain is often applied
dired trdribissiakigath Fi&eﬁ@ﬁh@tarﬁplﬁféaﬂéh obbotilie freanthd @itside of the
canal and/ or eakage path betvveen t he ear

venttaghe egrding.- di hﬁsarﬁan@ Wé'lsé'&@fedé%?ﬂ of ﬁ%e%&{ﬁwtmﬁhtu audiogram,
the ﬁ&?ﬂidg@&d@oa% a‘oM\Awl N SRS cf#étctt 'tlré%m%rs: églﬁ ket bRbct.

canals; und nmay propagate eari ng

aid earpiece, e.g. directly through the vent, to be

superj nposed onto the sound I|f|ed the hearin
It is gjvydelyKnoxgeriorisse in mﬁa@%ﬁ@ é? érqﬁe%mgsaliqam R often
I

apo R hhiAakh g dpBEctc @é%ﬁéw“%“*%'%?iiéi%' gl 2 tegkage
pathbisstween thbeagplgg af thd bedri8@ aiflartd thepmisandl intapcerlint.

signal has an unnatural rasping sound and, for

exanpl e, speech intelligibility my suffer as a 15
In h@ﬁlﬁglﬂgﬁﬁﬂ# opdieritRgs 6? IérQe%hﬁl@hbﬁ'cﬁnbl% %M@ﬂa@rﬁropagate

depends on the individual hearing | oss and earp

ug
around thhdieasing aichearnierse cog. direstly ihiongbitee vant tpbsisuperimposed

ontohigg os%@fnﬂgeﬁﬁ lfpﬂg)yetfns dea'g?phaqahllélrc%s% tgeéé é&%ggur&d signals are of
simiRir agedisudd, th@%umﬁéd b@hapm?@m@brtQMrmmdﬁ@bé Bﬁiﬂﬁ@@ small

pat hs 20bet ween t he heari ng aid and the ear canal
if the relative: Paasechrfweenihe sitrpls isnk3)} ﬁgcauaophaaetqhﬁ@lpted sngnai has

an uﬁé%ﬁf ﬁgjag,ﬁ@g@)%d r‘[berf&' é)garﬁplgegg?éecﬁm]{ég@e@}@grpay suffer as a

as we as 1 rove
s&iﬂﬁ,@hbegThélde@n‘etettionmlbhiﬂnleﬂ@b&)rbldehﬁﬂepérrdsoomd‘@iudtvidual

t he direct sound_propagati on RY OF TH :
hearing/jogs 1204 earptgﬂa}eﬂee ﬁﬁbbﬂ%ﬁ'ﬁége gf%”“ gges Hé%Prwdem has
, @(E'r% A 2 bE&orﬁIr@t@'t PioP aft, N€Ari ng
not %‘%ﬁ?a [ r?g&? ﬂppg?ﬁgcull ar e nenti oneﬁe%equ?rerrent S

and drawbacks of
Therefore, acoustic effects of the ventilation canal and possible leakage paths
between the hearing aid and the ear canal are still challenges in today’s heari'ng aid

fitting strategies. |

Thus, there is a need for improved hearing aids as well as improved techniques for

adapting the fitting rationale to take into account the direct sound propagation.
SUMMARY OF THE INVENTION
Example embodiments can provide hearing aids and methods of processing signals

in a hearing aid taking in particular the mentioned requirements and drawbacks of

the prior art into account.
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the prior art into account. - 3 - Exanple

enbodi nents can provide a hearing aid and a
respective nethod providing a conpensation that takes
into account the anount of sound bypassing the
ear pi ece, e.g. propagated around t he ear pi ece or
directly through the vent. According to a first
aspect of the present invention, there is provided a

- Exahpte eftbodlirledtsa@imrosidata Beatieaid ka hegpcfite Atsthed

si gnal processj nggrreans and an out EUt transducer,

prowding astgReen Htieadhal tageminiaacsenpigha famr Y of §oved Bypassing
ino ERPHIRYS ¢ OB A TAN, DL aBassy L7 Moo e vont

aid gain to said input signal to produce an output
Acct\?/\llh 0 éﬂrﬁ%s@%t%ﬂh@%ré@érﬂ.i%rﬁiﬁh {He %d;ﬁ‘é%{d'edaé]ﬂearing aid
erein sai I'gnal processi ng neahs turther
compfisiogmatilsast omeamicréphored jausignalgprecessilgpmeiang aaddargaitput
trangsHsed: SRR IR RE R e BAPRS BPINScAdanta BoeseivAnyinpyt sionl
fronihleGH ldr)é;%bbrfe? HEr&iAai® Sind| PYRBSSIHG Indd1Rs iB%@{abkEtQjo?i abply a

when worn by its user avoiding an increased ris
heanithgigl @ris topeidonpuksigpeioquaddcaan putPu pignal i beiogtrut by

saidécf#g;g%?[ﬂ%rﬁs{dg?:gg a?%i \Hh&je'ir? géid}g@{}:g -pﬁ%cge}sl'snihge@?gﬁé further

here 1S "provi

" compeisps irRiang fet adljeatitg said daringdio vein @rthieg th magnitude that

-, processi ng neans, and an output transducer, the signa
diffep B acuprgterpie m@rgia?rmaet et ranpraissianaaln ca fited for
directis3uAk wﬁ%sihgqhgh%ﬂﬁg%ﬁ@wh@h%&hwitgeus%r%tding an

processi neans is adapted to apply a hearing aid
incregied risk efrehasei diguptisn petween spundiaaipub by saidptput transducer
o be, out put by the output transducer, and .

L. Sighal
andﬁﬂ@r@fer?tttsﬂgng'i gnal processing neans further conprises
means for adjusting the hearing aid gain if the

in RN B0 MRS O £ PR BB RParfl G ol RTHE S36880 one

micrapldone,tahsigaahprbcessidg uséanmgamndan egnitiigpnaddcegathe signal
according to a direct transmi ssion gain gLves, a .

procRnp Sage 5 eIs AREURRIARCNS an SR FiPeY HREN e Blgrophone,

g%aid gain to the
certal n"frequency d may be attenuated before the
inputisigeat toguoddcd eo omésutdignal o beoudputt hethermitpdt teansducer, and

whers_e?rl1J ﬂ1dé signal processing means further comprises means for adjusting the

,-hearing aid gain if the hearing aid gain would be below a direct transmission gain

calculated for the hearing aid.

The hearing aid with mean for adjusting the h.eafing aid gain according to a direct
transmission gain gives a knowledge about the amount of directly transmitted

sound and provides information about how much a certain frequency band may be

 attenuated before the di-rect sound becomes dominant over the amplified sound.

Also disclosed is a hearing aid that is capable of avoiding phase disruption in the

output signal by taking the direct transmitted sound into account when calculating

~ the hearing aid gain to produce the output signal.
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30Al so disclosed is a hearing aid that is capable of
avoi di ng phase disruption in the output signal by
taking the direct transmtted sound i nto account when
cal cul ating the heariing aid gain to produce the

out put signal. According tg.another aspect of the
present invention, there is provided a nethod of
conpensating direct transnmtted sound in a hearing
aid, conprising: . estimating an effective vent

AccBRfi r?gj"ﬁi Shothef asdd oReRS pRBeft fivention, there isGRbeHEA MBthod of
a direct transm ssion gain based on said effective

compensalByndspaittansniied gbund fiya hendng iaidy campriging, -

ot PETDSLAS AR REEHR WS R ImeR tor SR aangd e

heataloglaghg agidtt transmiiskich gaiatbdsedrsntsidichecdad Rent
and further adjusting said hearing aid gain up or
dowRA@Meterit differs from said 10direct transm ssion

gai @al?%l peéﬁfﬁg?al{? %ﬂ?éﬁfﬁi?ﬁ?ﬁ%uﬁg'ﬁdﬁ?%ﬁ IHerJ‘tgs@r‘?al a

a fur resen venti on,
pr oheatady deﬂr&tdmﬂpexﬁsatlonnﬂmslattmglgaldl rect sound in a
hearingﬁald Co I Sin crophone

east
pr otRIBPAENG S Iy i”gs?'gr%m t‘%\s§' Qfﬁrg‘ct HPB%@@'%Qﬂ@aﬁgd
Rr OflRlePAdRRti ?‘%QI& hé&Aritpaid badin BBct ot i it Giff&Ratom said

‘and an output Transducer outputting said output

si g@isgct tmmm@ gaih by mese thamp miredeterminedrialide:a
direct transm ssion gain calculated for direct sound
bypassi ng said hearing aid when worn by its user in a

Accoreiry 1 #furtirdispeat dfite Présent invention, there is provided a method
of compensati‘ng direct éound in a hearing aid comprising ét least one microphone
producing an input signal, a signal processing means producing an output signal
from said input signal, and an output transducer outputting said output signal,
wherein said method comprises: k
- storing a direct transmission gain calculated for direct sound bypassing said
hearing aid when worn by its user in a memory of said hearlng aid;

- prowdlng a sound level dependent hearing aid gain; and

- applying said sound level dependent hearing aid gain to said input signal to
praduce a hearing aid gain ampﬁfied output signal, wherein said hearing aid
gain is further adjusted to a magnitude that differs by a predetermined'
margin from said direct traﬁsmission gain avoiding an increased risk of
phase diéruption between the sound output by said output transducer and

said direct sound.

Also disclosed is é method of determining direct transmitted sound in a hearing aid
which comprises the steps of estimating an effective vent parameter for the hearing
aid, and calculating a direct transmission gain based on the effective vent

parameier.
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providing a sound | evel dependent hearing aid gain;
and 20appl ying said sound | evel dependent hearing aid
gain to said input signal to produce a hearing aid
gain anplified output signal, wherein said hearing
aid gain is further adjusteg,sto a nmagnitude that
differs by a predetermned margin from said direct
transm ssion gain avoi ding an increased risk of phase
di srupti on between the sound output by said output-

e RS BB AP RPELBP Ao el P el SBRR it
tranB@Rddidtd gaintbridel Wwhe§ GG the helafifg BiceRpichi may thdmbé R8ed

an effective vent parameter for the hearing aid, and
accergingutodurthgr metheds and systemmssfer the dnamisgosgcthion ohalso other

R e

enbodi nents enabl e .a cal cul ation
of the direct transm ssion gain once when fitting the
~ hearing aid which may then be used according to
It may,peseenAs HHYS %@né@@ﬁﬁthedvearm Fgaavistems and methods
> Cti. f er ' ai : t . .
orofS8 BREGRY, il b B 401 8 AR BNSFRI B! fyd Macion o
direttbatramgm iied ssousyisd rehth eagoa natedrhplifiedyyothiedreearime saddighirt in real
. to adjust the hearing aid gain to conpensate for the ,
time: i eraction of directly transnitted sound and the
sound anplified by the hearing aid gain in rea
10time. - 5 - According to an enbodi nent of the
present invention the hearing aid is able to
dynam cal |y adjust the hearing aid gain in each
frequency band based on the instantaneous gain |evel.
I n anot her aspect, there is provided a systemfor
conpensating direct sound in a 5 hearing aid
~conprising nmeans for carrying out a nmethod according
to the nethod of the second or third aspect.
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In anot her aspect, there is provided a conputer
program conpri si ng execut abl e program code whi ch,
when executed on a computer, executes a nethod
according to the nmethod of the second or third
aspect. 10l n yet another aspect, there is provided a
conput er program product containing a conputer
readabl e nedi um wi t h execut abl e program code whi ch,

Acctviigiy RXaTsibddinest ¢fahp wresentxesitibasha hemtihgdid is able to
according to the nmethod of the second or third -

dynaygisally adipst theneariig,aidigaie it each Heaesesypand based on the
. L nent.s wi ! becone nore apparent fromthe
no SRR K

alled description taken in conjunction
wi th the acconpanyi ng drawi ngs which illustrate, by

In oSBT PR LGP Bl A6 Bt sounc

heaiid hiddsrprdging ynasmdeos taednbout Beméthodavwcoedidg ttaithethethod
_description in conjunction with the acconpanyi ng
of thgrsarPRg o tFEPERSC | ke reference numeral s designate
l'i ke structural elenents, and in which: 25Figs. la

' et i i () ko le .
R i s T G e
progiaragrogie which, Whan iengcatied caca eodipudert, exétidepranetitod according
~ invention art. 30 Fig. 2depicts the |evel of signal
to th@é?‘@,@dfqr}éﬁ%éﬁ%?/nq fa 'rrcﬁéﬁdo by addi ng contributions

of - two sound signals;

- In yet another aspect, there is provided a computer program product containing a

computer readable medium with executable program code which, when executed
on a computer, executes a method according to the method of the second or third

aspect.

Other advan_tagés of the exam plé embodiments will become more apparent from
the following detailed description taken in conjunction with the accompanying

drawings which illustrate, by way of example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerals

designate like structural elements, and in which:

Figs. 1a  depicts a schematic diagram regarding calculation of the direct\ "

transmitted sound;

Fig. 1b  depicts a block diagram of a hearing aid according to the present

invention art.

Fig. 2 depicts the level of signal versus frequency that results by adding

contributions of two sound signals;
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WO2007/ 099116PCT/ EP2007/ 051891 6 Fig. 3depicts the
gh??e di sruption range as a function of the
i fference between the anplitude of the two_signals;
WORp099%depi cts a fl ow di agram of a met hod acE%T’g?:’r?&'”qSés”
an enbodi nent of the Spredent invention; Fig.
5depicts a flow diagram of a nethod according to
Fig. 3anot depicte tephasendisafptioh cangecaa funation of ihmdi?f@@npeg.

6depi gts a,flow di agr of a .nethod according to a
furt e@ﬂ%?mﬁ'}l"%gf‘ﬁﬁ% %pgrésﬁ,!?, i nvention. Fig.
gshoyvs in diagrams the hearing aid gain and the
) anpi ng function in an exanpl e of the danpjn
Fig. 4of | 148p aipgifiasideEAm AGa methed AROqTAINGIE A5.ABboRIaERl Ofthe
15t '}ﬁ-e grﬂrilil%q}tighd gai n becones smaller than the
anpl

m ni'ma Ication limt according to an
enbodi ment of the present invention.

Fig. 5 depicts a flow diagram of a method according to another embodiment of

the present invention,

Fig. 6 depicts a flow diagram of a method according to a further embodiment of

the present invention.

Fig.7  shows in diagrams the hearing aid gain and the damping function in an
example of the damping of the applied hearing aid gain in the case where
the hearing aid gain becomes smaller than the minimal ampiification limit

according to an embodiment of the present invention.

Fig. 8 shows the damping function for different compression factors according

to an embodiment of the present invention.

Fig. 9 shows in a diagram the hearing aid gain when it is restricted downward
by the DTG + k according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS OF THE !NVE.NT-ION

Reference is first made to Fig. 1a for an explanation regarding calculating the DTG.
The calculation of the DTG is done by performing a feedback test (FBT), as

schematically illustrated in Fig. 1a.‘ Then, the in-situ vent effect is estimated and the
DTG is calculated from the vent effect. Document PCT/EP2005/055305 (mentioned

above) describes this in detail.
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Fig. 8shows the danping function for different
conpression factors according to an enbodi nent of the
present invention. 20 Fig. 9shows in a diagramthe
WOREEYIMd6 ai d gain when it is restricted downRaFEPHY)7/051891
the DTG + k according to dn enbodi nent of the present
i nvention. 25 DESCRI PTI ON OF EMBODI MENTS OF THE
ReferleWEMI'rhdmlnmfeetodﬁg ek, svhich showsaal beaingraigl. 20Gadoording to the

nat.i arding cal cul ating the DTG The
first %fh‘ li‘ggh %Esﬁ@t %’ §-gone by perforning a
f eedback test (FBT),- as schematically illustrated in

Fig. la. Then, the in-situ vent effect is estinmated
The heating lsid campisssi @0 ingutliangdager pomiarerhanen? 1Girarsferming an

acougﬁ. é'f?t%e%ri: thpgl Q%’étﬁ l?r%t %@EQF b et ARPXD-converter (not
showﬁpﬁ:?bﬁﬁ@ﬁd@ Eﬁﬁ' H@ﬁ%@f@@%ﬂgu’é eletfiealesigrenl i Thenprocessbel
electricg! (bt %leP@k*%ﬁﬂf&%ﬁ%ﬁsw&hS?é:'egg@géﬁ%gwoﬁ?%ﬁﬁﬁqﬁﬂ* majuges
an amiSfet ih @ tﬁ)nﬁ“&@ééﬁ@ﬁgéﬂérﬁﬁ%n EleaftraVs@buPsignal 225 by

m crophone 210 transform ng 5 acousti c i nput

applymggmwmpmsaowaleure otder&prqdmpatang:t@wamm suiigide fa1

compR RS A ShpBEAPo e PR A L LB

galn cHaesdtetisilis, |a’t¥¢0t‘dlﬁ% gnalh \,\ﬁmﬁumﬁ ech-liméar telpgmmdje more gain
processi ng nmeans [ifi

at lowinpyt sig0a) Goq & rgaﬂblﬁ@?'a gclggggﬁe‘%%%\%gﬁgg@hﬁl ﬁ%fbé%hef

compﬁé&nélll oatpat FinsRReY 28O, i%. mﬁﬁﬂﬁﬁe‘éﬂér gla#é&eivér §6ORandtéming

produce an out put signal suitable
the electrical output signal into an acoustic ouiput S|gnal

The compressor operates to compress the dynamic range of the input signals. It is
useful for treatment of presbyscusis (loss of dynamic range due to hairceli-loss).
Actually, compressing hearing aids often apply expansion for low level signals, in
order to suppress microphone noise while amplifying input signals just above that
level. The compressor may also include a soft-limiter in order to limit maximum
output level at safe or comfortable levels. The compressor has a non-linear gain
characteristic and, thus, is capable of providing less gain at higher input leveis and
more gain at lower input levels. Hearing aids embodying a compressor in the signal

processor are often referred to as non-linear-gain or compressing hearing aids.

The signal processing means further comprises memory 240 and adjusting means
250 for adjusting the hearing aid gain further over what the processor basically
decides based on the users hearing deficit and the prevailing sound environment.
This adjustment is intended to take into account certain effects of sounds bypassing
the hearing aid, e.g. by bypassing the earpiece or by propagating through the vent,
as will be explained below. By this adjustment, the hearing aid gain is calculated
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10 conpensating a hearing | oss according to the users
requi renents. The conpressor gain characteristic IS,
according to an enbodi nent, non-linear to prov
WO n at | ow i nput srqpal | evel s and |e§§T@§#ﬂW$¥$H
hi gh signal levels. The si"gnal path further conprises
~an out put transducer 230, i.e. a |oudspeaker or
suitable ¢e prosiuce from thaainpﬂbsigmar{@ sthealleddwaring alefioit cpmpensation
ttﬁi naL into an acoustic output signal. 15 The
outp %BF ssor operates to conpress the dynanic range of
the input signals. It is useful for treatnent of
presbyscusis (] oss of dynamc rangf due to

Fortmmflwmw@tlon;&cth@asqwd kyeapsiag Srenbeding id ds axrigssed in
{

terms, Of o‘?r'écﬂr?&e’iléésfnlgéﬁﬁg%hrg{]bef@f Tlsh%"tﬁvtm%}’%ns%ﬁgﬁbsq%ﬁ Ifl%% fgr

defi n@d go tHessqunsitprabsve at et e@0diuenvibiat is Henecatap by ssoacouatic

sourc AR P et s e B A g BRI
gene@SPhE EHECSan@ 8oBrcBOAs thé 8¢ ct IRINBMISIRITAGAIA N grprdanmés than
thus,” is capable of providing |ess gain at hi

ghe
one, iigthe lagerluesexprassast & dfiwill aprmallhe a @ﬁgmf\reewmer
Howe'dggrésrtﬂel%' 4% ?Weﬂ'ﬂ &z‘? {anea By a’nrbef P Ip%l%'d in an ear
Cessor are ten re erre 0 as’non-11near-gain
canalthereneil Serf@dueac:ee gvrmrelshe EFGT b@bsvg oak, ||ca doe & vague |s a

furt
positiy AWGIboB PGt REoFhiRe AHECH AT Po i an arele
frequ@r’(c%rr baMiRicahibe @ét!?l‘kﬁéé% dgshe %étﬁo&?@éﬁﬁaeﬂ%% @dtument

thé users hearing defiCit and the prevailing sound
Pcrféﬂaowaﬁﬁﬁs toTsleulalgjadires tranpRissiAnarie fonthe grENg Atdpain

ar n effects of sounds bypassing 30 the
used ﬁgé E% e.g. by bypassing the earpiece or by
pr opagat i ng through the vent, as will be explained

e 5 24 Aot R e LSl 4D Sh 1 b i
valueﬁ i ét@&lcﬁntrﬁerﬁbmotf theRckahifg ot The DTV tenSiseddly e

ng deficit conpensation out put si c{nal For the
adjustlw(means 2ohtu adjusbihe heaingsaid s iambwa%%' Ageduce Mrisg.iavgid

sy AR 3 e By Sl of AR AEH 8 e
signal quality in the combined acoustic signal on the ear drum resuiting frcm the

amplified output signal and the direct transmitted sound.

Reference is now made to Fig. 2, which depicts the level of signal versus frequency
that results by adding contributions of two sound signals, and more specifically
shows two frequency dependent signals with a relative phase which are added
here, to clarify the principle of adding two sound signals at the eardrum. The black
dotted lines are the magnitude of the two signals. The gray dash-dotted line
represents the sum of these signals, when the two signals'are in phase for all
frequencies (upper curve), and when they are out of phase for all frequencies (lower
curve), respectively. The full line shows what happens, if the phase difference

varies linearly with frequency.
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defined as the sound pressure at the ear drumthat is

generated by an acoustic source outside the ear

relative to a sound pressure at the exterior vent
WORgIoPg6 gener at ed by the same source. As t hBCHEPHE/0S1891

transm ssion gain is typi Cally less than one, i.e.

the 1 og value expressed in dB, will normally be a

negative nunber. 10 However, as there is a natural

The Souma levehah Bo AAITUBROf 18 isen B & SLRATRr Sghel By Ghpied direct
sounc{'f‘ﬁﬁ% thePStfund arfiplifiedthy me HEBtHE aldS TAe B HESHRe U MRS

rmati on about thHe direct™transmtted sound in the
sound;ismgbes ﬁmdm&yplmed@swhom l@sﬂlrlcrmfémsbl} the gounoh@put at
t hod B
roau S50 RefHE B e SofBE MR e SRR Dt

heariffaidi H3g abotit @ $ardé usmhithye dutiead wﬁbsute@hasé"hﬁnﬁ)ﬁ@'rerat
245 cal cul ated for. the hea

phenqmeRATb lsaRehaario. vk dkatets s dafud or Rip.signgis wit
dlﬁenﬁ%mﬁnrtm@aﬁ&?yagg. aid. The DIGis then used by the

I ng nmea 250 to adjust the hearing aid gain in
order to reduce noise, avoid 20 phase disruption or

ta Bt iy g Shrt B0WS nffE G foRbe AREBETET

on the ear drumresulting fromthe anplified output
srgnal and the direct transmtted sound. Reference i%
4, cosffi npde 4 60 @ﬁ+@ whi ch depicts the |evel of signdl
versus frequency 25 that results by adding
contributions of two sound signals, and nore

In our%?&%ﬁﬂﬁlé 9@1 Ly hovs ahdmol & €qpa8 eithatanansiant. With sithple

ative phase which are added here, to
calculatrams bpth mqumr:hm phe destructive inferfakenee ¢AD bsi Hade slear,

wnerdsbf B4 Sl W LGP ASRTRGR B
more E@r@rblé&&ﬁfd%sbﬂ’t% anayidally hIaStbrsmeaﬂhe resvitimg phaset disruption

si gnal s are in phase for all nci es %l#)cee
will depgndon thgmm mp'aa%saﬂh%ﬁ'gaﬂ'gs@wsrer l
constfrfcﬁ\‘?é'ﬁﬁ& HEStr m%étﬁ%ﬁte?féfér@e cohgﬁti}%tthé %b]éer Tt icwalr llimit of the

happens, if phase difference
phasevdistuptioh j reepedtivel, we Knovg lﬁleafcg/phasmshsrupted signal lies

some Rt DRI BeRe Iner s T2 RO P Bt o T Nplmar
the raﬁb g?ﬂie Sienfe At c%%oﬁﬂ@ td fhieefifférentd of theaarhpigudes

he interference of the two sound sources
in dB |sm¢ d%l&ﬁ&i@dﬁf@ﬁﬁﬂﬁm@@m{m iArcamplityge 95 0;tBwus CPfﬁeﬁ%é‘dS to -

tJC)dB_sound I nput at‘

The lower dash-dotted gray line shows that in case the two signals are out of phase
with the exact same amplitude, the total signal cancels out and becomes infinitely
small. This is called destructive interference or phase cancelfation. On the other
hand, if the two signals are in phase at all frequencies, the amplitudes simply add
up in a constructive interference, and gives 6 dB more sound pressure at the
frequency where the two signals have the same amplitude, which can be seen in
the upper dash-dotted gray line at 5 kHz. These two cases, however, are rarely met
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5 frequenci es where the unai ded direct sound and the
anplified sound fromthe hearing aid has about the
same magni tude but has opposite phase. This _general
WOZREBPPon is illustrated in Fig. 2, which PCI/EP2007/651891
illustrates the addition ¥ two si gnals Wi th
“differing magni tude and phase. 10 At -a certain
with rbsmmednt!w healmgsmmsoﬁnd and b divett sosnd) rsiice lath haee a

varyitg ey cepengent rass, B bianliie Here b Srdmelfissorbne

total ddurpreSsure nW;lﬁt'To§k R, & thalrStatiad pieAse depinds linearly on
constructlve and destructive interference can be nade

frequeneyaNolewthated somecfrequangies: apnstiugtive BieWaranes bgirases the

maor}RE B BLBGFAE I e WoalBRG S BB

interfgraase dithinisbps trantoddl svgddl SIﬁ@aett@ mgnaim dompbamcaﬂ est anduch
phases of the signals. However, sincg onstructlve

at frequpnCiRssHPerE(hG Ee RV PhascaR Almesheand tedsiaive appigde is not
quite 37hid EomdrdOntis %Elléc\f‘lﬁh%%ﬂ huUption,

tf
respectively, a p ase dlsrupted si gna
| ies sonewhere in betmeen these |ines, as shown in

The alollé efpmPleberrBiL 216t rasipbRiEaRaited s nd Faiiafn piiRers
ear, v&ﬁéﬁe ﬁi@éh?hﬁé@ﬁso@ﬁd' dghotBe direBESOUA dupefidseuiTalsad ta® means

 oglO( A anplitude of O thus corresponds to -

that ttmeaameluﬂen@undvlms loasneed atceday igyel haferedhe jgtat $tndi n
pressﬁ?esgt tﬁg gﬁpqmmsﬂeﬂ{%rllé w@?r—ﬁ’rﬁb’éd Bg DS WohiRd WA rgép?e’t,‘t to

STgnal cancel's out an
phaseb&ﬁﬂﬂﬁem Méaintaibialth&8earimg hid getnm st asnmlwrlmgmtude to the

rec gL i b DS RS il o

with 178 bukéRGMRMEbES, the anplitudes sinply add up in a
constructive I1nterference, and gives 6 dB nore sound

pressure at the frequency where the two signal s have

po s G0 5B AR GBI s soun

-and tHeoweaided disect soang mustbt nuvi@rically higher than a certain amount (a

2007/.0Q99116PCT/ EP2007/ 051891 wWith respect to .
safetm@amlr?)doamaw%%Rgaaﬁad'Sf 108; Fé&ﬁ‘: RIBSHIR "’9% ?,%aer'"@oﬁ"ﬁ gain

hlghelhf?'n‘éﬁ the Hﬁ‘éd&'t%sﬁﬂ%@ﬁm fiRpe ROE Hwdihesholliter fhleasditing of
l'tne therefore exenplrfies how the total sound

gain, gqusal taithe difaghy trepemittad@ain ik, gsugaesier\y tha gsale in Fig. 4
to the ?@Eg [ﬁ% Célagélﬁ %@%ﬁs g tttx RS }G\Ihlﬁ%}gi‘ri'lj) ArciHd cBlid RSt to

ruc 1ve i nter Nce I NCr eases the
anythlﬁgﬁm Rii§ negative drienuméndallyilgrge| thevthesshakl Wil rarthhaffect the

currerft rggﬂnu ?2 Ctlhgslntepaecsﬁtoaub%tt\}veen direct and amplified sound is neglected
and nothing extraordinary is done to take the interaction into account. if k is large
and positive, measures are taken all.the time, which is also not optimal. Choosing
the factor k is therefore a trade-off between minimizing the risk of phase disruption

and limiting the dynamic range of the hearing aid gain.

Fig. 3 shows the phase disruption range versus signal amplitude ratio. Fig. 3 more
specifically shows the difference in dB between the amplitude of the in-phase
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interference dimnishes the total signal. Since the
- signals do not cancel out as such at frequencies
where the rel ative phase is alnost IT and the
WO287dPINe anplitude is not_quite 1, this pheNGHERRIAT/(4891
cal | ed phase disruption. Y0 The above exanple is
general, and can be extrapolated to the situation in
sumneedusignal andrithe obkokphdse sumphid isighabas adunciigntdidheldifferance

d : t
betwesife AR A o] BoBals SLEWE T2 B 2 AP SUBI P shews
the ude®talr®y 8f pSisg sEfe%‘élSdﬂtﬁe #tal SLRINEPressline HESRO PRase
unper t'ur bed by e direct sound with respect to phase

disrupiosr Tpe kignal avaplﬂu@ka mtingintdistba diffegengecdbajwean e gearing aid
sounl Ao HERLLALT o5 598 S RHF RIS el i s

termsa¥ @athy th adHband; ieu Hv!\enDTGw(mmgt dranshAstted Galryen dBdi.¢. A is

Fi re2 the differ e i udebtvveen he
DTG s & . N fnasies BRE s Bied TRoniie card hsgeas
the héé‘r‘ﬂﬁrdl ghindy gl'i‘;ﬂ’fget Wi tie §UridAhputaTRe l‘hbaflﬂg ap ﬁﬁfnatly

margin) to mnimZe phase di sruption. Thus, presum ng
thus the nebrmangblau. anegathe veirghae berafhesrN.di r ect

transm ssion gain, there is a [ower threshold for the

setting of gain, equal to the directly transmtted
For e@hpleﬂ rHay B8 réathfresitad phot thaeif analsigriahisFl tgdB4arger thae the

o A i ek o i
summ@ &3 ol Qr@efror‘hrtﬁeﬁﬁlbﬁﬁ@élﬂnmekl's:glﬁil 8latues from
BRI Lo pto

urrent gal n, .e. the interaction :
aboutuan@mwmﬂraeapammrﬁfar@my b@bvﬂm S and JbailR. &f conise. a

thi S N L
vatue PRasbdld @ WoOR] Nclis bid i St dlHioddh A Vi BEK =or «
= § givdista pRGNdighiptioheaihgeref abbutah3 dB, ahioh may bepbhsidbred

Choosing the factor k is therefore a trade- of f
acceptati§veen mi ni i zing the risk of phase di sruption and
limting the dynam c range of the hearing aid gain.
- 30 WD 2007/ 099116PCT/ EP2007/ 051891 11 summed Sij g‘nal
Slmlladmdntdaee@tﬁa ‘tefaripp aicbgaindewer thiagtae DIS, dhereribouliales be a

he di ff b i
st el SR EAF PR 0t B 3 TRt 4 i oo
uncertainty or possible spread of the total sound
Fi. 3 e e e RIS ol Bt ibinst 5 S0 malge ot
dB froﬁﬁf% (ﬁlﬂn@it ?mﬁsﬁ%a% FRXI2 BIRE ;tl'.léhdn%'iﬁe Rbagd 8 2009 The

y transmtted sound (expressed in terns of

signal gaiplitudenratias fin BBrigithe differense-bebvesn thierhearingraih saynd @gin)

and thEElrRbRESTRIteGolRBOTRE. Barih b1 @ RIS TRREmidclrGain

in dB, § BeAﬂ%anT@ganawz igHA Inae phdoged Fid. 13 dppties tmjmdt onmpband
earing aid sound is thus the qp var g qF
out of aaimbaiof FegueRNbaKISs shich gre generally ;%ocesse in Friut0 Y

similar way. Note, that the DTG is fixed once the earplug is made, whereas the
hearing aid gain may change with the sound input. The hearing aid gain is thus the

only variable, once the vent has been chosen.
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For exanple it may be read fromthe plot that if one

signal is 10 dB larger than the other, the phase

di sruption may in a worst case scenari o cause the
Woazﬂ?)"l’@&}ée of the summed signal to vary up tBCT/EPHEI051891

fromthe in-phase sunmed & gnal. Values from about 1

and upward are applicable, preferably between 5 and

If the hBafify aﬂ‘w@@tmﬁ@d off, thé svahd &oaf thatimaring aiiBwould Inté -oo
incur a high risk of phase disr &tl on. A valu

(compietgly gilently ogwoe@v Menngihgt Sie d’ﬁOlf"éHaE‘"&ﬁte é@aﬂx “Tris
woui%c&r%?op%b Ch ofBe leﬂsff @?rreeéj vﬁﬁ%‘?éﬁ@?h hase disruption

in case ng al arn
problérhe, d3hWe wdw expsauduDal thd sentlzry af Bie Mmgwahgagl ine.gr60 dB

| |
and theL gyl raeating souni-0 o, e 88dtsoupdicnedliofisine
comeh%rP RiHsd ﬁé}@%@ﬂ?és%sdlsﬂubﬂoﬁ i&r@edam bﬁiy %ernathé %ound

In dB fromthe exanple illustrated in Fig
level afi thadirechsaundtanel thedearing aidis@06l aremrrmagalde (Az HA1) that

amplitude ration in dB is the differenc

tne st b g i sangtmay Yaby SabtHEN R BupplpR FOIE 5
transmtted sound (gain) , i.e. HA - DIG (Direct
Transmtted Gain) in dB, i.e. Al is DIGand A2 is

Thus, |im theneurperdfirevandign rrgsurmingrgain g sityationswith adhassing %%Eam

hlgheP{haﬂ the tﬂ%lfj:%cﬂgﬁ‘%ﬁé’h Eﬂﬂgiﬁatewy’:\%} g%@ﬁ%{lﬁ@edr 3

cesse simlar wa
constntwteé aXeﬁephnle, Heiew eﬂnqﬂ ihe hesarlrrgcm gaiheaheakl ndrmally not be

set dq?@%itiwa%pﬁ' <A Arocee e FHipe gtk TR0 Ao phead

dlsruptt:Bﬁ Xeed So RAIHHAERE. NbeloWhis limit actions are taken with
00710991 PCT/ EP2007/ 051891 12 If the hearing aid

regardesto eithen dumipproff thabpadigular baaddureg Adiagi(stgtienayYwoul d

compfee B AT I AP e BN QHB T s
surpagsed.co on the x-axis in Figure 3, which gives no

phase disruption problens, as we would expect. On the
contrary, if the hearing ai d gainis e.g. 60 dB 5 and

In the A8e % e?&ht freasiiunt 81 @irsttdoudd istimilahia siiengti totw8BuNd

i s negligible in conparison, and also here no phase
amphf"cedsbwmeu rmring aid. dhe direst squedds pgtughy adeauats drihe heeng

ot sy S MBI BRI SR B s o
adjusmmelhermmgw galal gna feéspeotivey methadhstep asielyi turd oftithe
band (hat pWea s ko Ahase SSTAPRn ST Gings S i R fRletan:
in the B-Wést bBRds, %ﬁé}é rkost 'Y 'ttﬁ‘aﬂnéllﬂéﬂjﬁ&ﬁideig dbbhp%lheamﬁﬁtb the

Figure 3, constitutes a lower limt, bel ow which
open I’uthng h‘bcmrmggm én @mmdyﬁ@uﬂ é h@@rlﬁﬂlaquwrthtanmeﬂeqarplug

a4 e UG ERA BLEER3 o 5 Byl

off, witiTbasiienhext Hzeidewnaybsmiay mot baclisables by thet adjestingi héans

depending on the hearing aid gain in these bands.

According fo the present invention, the compensation can either be static or
dynamic. In Fig. 4, a flow chart for a static compensation according to an
embodiment is shown. In the static case, the decision whether the particular bands



10

15 .

20

25

30

15regards to either turning off that particul ar band

during fitting (stationary conpensation) or

dynam cally reducing the hearing aid gain in case the
WO surpassed. In the case where at t hBCEEPHPTIIHISI

the direct sound is sinil& in strength to the sound
20 anplified by the hearing aid, the direct sound is
should bedaireg affisdaleereoho darirey fitbag, |tra§ed|oah thegrairt settiegof the

vy G THE el 8 SR BT s e

than th@%ﬁl%@i $otmd TR oh@er tétaﬁ%ﬁld ;ﬁid&' distuptios pﬂfbﬁe hé ?e@ﬁiﬁbd in the
gives rise to phase di sruption.

otherﬂppmmﬁgtg ). Sines wesnow peihihe ga@randem\ﬂarﬁpt $twr1ché is possible

I d d
to cetg S iR oR S TR BEX sdleckRBed B ok Cor dimg o an
enbodi ment, a hearing aid with an open earpl ug
adapt ed for reventj ng. occl on - e
Howeljgi B2 Gpin g6 nBBISEALBTATING 4i6s Hleae i on Hisdnbutsaiig avel
whwhﬂﬁéén%ﬁﬂﬂwe’%u@l dgdﬁﬂu&@&te@%fﬂ tﬁébﬂl;ﬁﬂ sidhal. "hat means that

adj usti ng neans dependi ng on the earlng aid gain in
even theugh theywvert. haga pemeanging girueture, dhepbasendistuplien prefem may

T e
at loud goonds (g@'leg'@ tmcﬁlﬁbﬁqﬁstﬂiﬁts itise ghmvlm) bTﬁ fdteat SbﬁBOKIndS

t n t her. th rt r
(wheré%y:@'g@%fég%@té%mqﬁdﬁ@gﬂteﬁsﬁlﬁgﬁéﬁg &3%% Ui ﬁ@@}’gq
sound Iévél% Eﬁxsg'ﬁ? %éj%%ﬂﬁ thé leé&gaouha?f&qoﬁ? Isbgﬁdﬁ Qiu'ﬂwell above

ting o earing ad anpl | sound
for soﬁ aoundlxarml theestatic case erevardingiphase dmumcgﬁeﬁmtmmwﬂt reguire

o o 5 I S o PR B SRS Ly e

to inclesArificihG bahds ﬂ%ltmgﬁ&bthéﬁvlsb haed been ngeful to arﬁpilf catlon
possible 5 to deternin iher ainin aﬁgta
Ban“&@&%@‘aﬁ"iﬁ@VOThaPOUt g se s 9n Hig Teﬂ@aﬂf gain wil
not saBffte &9n@ﬁ?ﬁ@@?ﬂ“ﬂﬁ@”%%?ﬁ’“&??ﬂ%?‘@?ﬁ@ Fhn bk s
dzsrupﬁogdehusTa@alamarlEtwm tvevexirernesihas thee jeund. has a
- permanent structure, the phase disruption problem may
10 be present conditionally depending on the current
In Figs @4 6Nfiow enams for aedyharmilt esepensatidnoactosding ts efbbdineents
the conpressor sets the gain low but not at soft
are sheiinds (where the conpressor sets the gain high).
This will 'be the case if the anplified sound level is
close to the level of the direct sound for |oud
Dynansiowodpenbatiomisikes dmwaectuablime dEDesdﬁmwin ofrtheheagngaidcinio

accoufiERH cahiareRhE e RIS R SO WEE Pl <iiate g fting.
In the igAthictdisB, badsSare nct eisaBlod &uhe filting. Irstdad alhentthe hearing
i hcur sacrificing bands that m ght ot herw se have

aid gapds lessdibag the tmEiedB).ithe gakns Ossglalﬁgy‘"#h% time dependent
flihcBBn and th
progre%lglgéer ﬂf;gﬁvéelol;heg%’&g%llg:@njm %%b%%n?&l‘ el BRI dhcBn and the
hearing aid gain as normally decided by the compressor. This could change the
actual gain otherwise decided by the compressor by a factor of e.g. down to -20 dB,
until the situation changes and the compressor acts to raise the hearing aid gain to

a level higher than the limit again. At this point the damping will gradually return to
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not sacrifice so many bands but may | eave situations
where there can be phase disruptions. Thus, a balance
bet ween two extremes has to be found. 20 In Fi 5
WO2A/08911¢ | ow charts for a dynanmi c conpensat i Bl P30071051591

accordi ng to enbodi nents ﬁgle shown. Dynam c '
conpensation takes the actual tinme dependent gain of

zero. imthidway, thg heladng mwcﬂﬁamumﬁnaliwdmemnpm thaiagnplified
‘§E direct ound whi ch was est urin

soun

fitting,
oot ok Ea s QU i end SLooe s ALt b ot
perce?hbi VidhardiPMotAd solh@Qubltg. hearing aid gain is less

n“the lrmt (k dB), the gain is overlaid with a
ti me dependent progreSS|ve danmpi ng. The actual gain

For ekérabltéemstHg'c%e Wi ?ﬂ'@h@aﬂ (ﬁg&ﬂ Eééh?ﬁi i@y LRG tﬁ?@éﬁt_rll% large,

gai n as normal Ty decl conpr essor
as is Gmﬂ tiheaimegfer higk fRQuentyhdaria Inssﬁsh ﬂ*remmddewelahédoblyd

f f
passig@ 1rpuTR ey Faiplis g8 15,40 PHBE GbiRyr 6.5, ol

geneﬂafbd” lf& e KRingend.| 1Hewat, Qﬁbé‘tﬂe%e’hring\é% gﬁin%?%hgé@ ith the
mt again. At this poi nt_ the danpi ng

souncgleaem therg mayt e aome hstmirm)@wa@ggawbp@rmmmsnbmggnal at
tne e el AR RO SR ering gpatons

may ¢h£a1gead goahd qnﬁlity(bedausm@eUmmgmH gamoseweli%bye or below
account for this with ercetlb ardi zin theI

the diest gaungl &1 eyample-ghe ﬁ%{ aid %%mtatsg o G Wl

give ahgaf e%d?@ﬁh@&@ﬁ@#&nbr%skﬁw ARk ﬁ@éﬂ’lﬁ{ﬁééla Inthé il Bande the

e case for high frequency aring |l osses, the
hearirgpaid gyairemaly bef 0 gBuiel thahearing ais r@ugﬁre*»tateouu@ut signal at a level

ccun 55588 TRl T e AT ShuB R0188 g e o

band\§ad t ton@ l2g6 vert. in BHacHRS thid pérsbh mam&rdelhemedlstoﬁbd rseund
sone listening situation ere t

due 1Q phARe AP RRPNET NESATIR PEECHTIRY e e by 6;Pa;5'ﬁ 3gd fisten
to birdd a{dl&&mngémpMQgﬁg%&ﬁ Befr. The heay ana'gtawﬁfn' tﬁ@%itﬂmon will

sound dual ity because the heari n%
be Iargen andma;eihlusmduaybﬂ 1deowhldhles@|lghe@10®bdﬂdf emﬁanng aid

rin e
sound (O Fote B8 G G e Bardhuf MR Biniffi e (o 6rFhase
d:srudﬁ@ﬁfalnﬂq;nﬂh%a Hefttet BOun@®yusirnda ,ordiélfto lepe iwilh thisdrgblem, there
e. the hearin ?1 renders an_out gut
is progdgqﬁ A|0yRaMIC p@pgensatlon according to the present invention a

described in the following

With reference to Fig. 6, the Surveillance Gain is the gain calcuiated in the hearing
aid according to the current sound environment, the hearing threshold and the fitiing
rationale. This gain, which withoﬂt compensation for the direct sdund_ would be the
applied hearing aid gain, is time sample by time sample compared to the minimal
ampilification limit, which is the direct sound plus a safety margin, i.e. DTG + k. The
applied hearing aid gain (HA.pp) is the gain given through the loudspeaker of the
hearing aid. The applied hearing aid gain differs from the SG by the damping
function.D, such that HA.p, = SG + D. If the surveillance gain is lower than DTG + k,
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15 equal to the input level. The directly transmtted

sound may al so be O dB in the | ow bands due to a

| arge vent. In this case, the person nmay perceive
WOFREYBEPHIed sound due to phase disruptions. TH@T/E%W"SI”I

person may then go outsid® in a park and listen to

bi rds and ot her people talking fromafar. The hearing

the dah'qblr@aﬁuncmdn is laetigatediaTheodamping foecticarrgay be @efinediin many
E nﬁ be 10 dB, which is high enough for the
wayshgge‘ep Whigd3P& ound to dominate the total sound at
the eardrum thus dimnishing the risk of phase
di sruption and giving a better sound quality. In
order po gmpenpith this problem there is provided a
dynam ¢ conpensation according to the present
invention as desc¢ribed in the following 25 Wth
=1 ef ef@hcBrto<FSPAT 84 the Surveillance Gain is the 2
gain calculated in the hearing aid according to the
current ound nvi ronment, the hearing threshold and
he ff?Ztt R4 7 "dnal e. This gain, which without

i ERFLI RSP A, e SRR g o
value§ %'Fﬂ{eedaﬁﬁﬁ'ﬁgffﬁﬁbtbﬁ bhhéndpfiThal valigo Ui fis eattorn dhratfbh ,of the
which is the direct sound plus a safety margin

dampiiRsigna, i aitke Smedppihectarmping ita gomplete mcr(qqqumo;ﬂfvgry

et 5 5548 B TR  F rbB AR Bt o
P 88 ST B8R g nelbaseoh Haatio g DTS+

2007/ 099116PCT/ EP2007/ 051891 15 the danpl ng function
Fig. 7 %sﬁ%%@%e%eﬂﬁﬂ@%ﬂ&wfnﬁ fu'n@'bfl f‘n iﬁed‘#ip.%‘l#?h%f
ﬂuctuﬁtmg cmnpressowg'am sefting)dueta afﬂuctuatuag/inputtsouad fievel and

as ady.x,sgﬁqfsli!)f rhg gg%g)l@ggf taé dtgm%ed'égg‘%g escdf @gﬁéwﬁr gﬁ@gﬁg\l\nng a

time pflét'"tiftd élé’ltlngfbf the @aﬁ%mgﬁ&tﬁf&h %ﬁaég of ﬁalﬁiﬂﬁ)ﬁ Poml zero to -20 dB
durati on gnal, i.e. the time for the
and ladeinfpAakpaa ff@'ﬂi‘pegtdg) Oaﬁ"%hoo& ng AT very small, the
~ applied hearing aid gain is rapldly danmpened, so t he
hearing aid sound is
The initial transition is launched as soon as the criterion is fulfiled, whereby the

applied gain begins to fall from p; = 0 dB toward the maximum numerical value of
the damping P, which may be set at —20 dB as indicated in Fig. 7. The maximum
numerical value of the damping P must be chosen small enough for the applied gain
to generate a sound level at the eardrum, which is ihsigniﬁcan't with regards to the
direct sound, such that the risk for phase disruption is inéonsequentiai. When the
criterion is no fonger met before the damping has reached equilibrium a new cycle
is commenced, where p; is how the actual value of the damping function at the
particular time the criterion state was changed, and p. = 0 dB. As soon as the
criterion 5G < DTG. + k is not fulfilled anymore, the applied gain begins to rise again
toward the surveillance gain, SG. This means that every time the criterion is met,

the damping function dampens the applied hearing aid gain towards e.g. —20 dB
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rapidly turned off. The danpi ng may be based on the
criterion SG < DIG + k 10 Fig. 7 has tw panes, the
upper one showing a tine plot of gain in a situation

WOgpO7Pa¢ uat i ng conpressor gain setting due PEI/EP2007/451891
fluctuating i nput sound | el and as adjusted by the
application of the danping factor, and the | ower one

durin? oW, Bgery timathepbiiterion isnatetdt] the ddmping futestion vl seek to

) actor in phase-of transition fromzero to -20 dB 15

rise taR@B at er back again from-20 dB to zero. The initial
transition is launched as soon as the criterion is
fulfilled, whereby the applied gain begins to fall

In Figf 8 dime damping fdBctionwastiowh dondieramtcompersseal fastars) evhein af

time (110 SBPebomasyemater fdh (h8, MR AL PE I, apd gtavs
belowdbr b T88¥NA TRIs'BIEIdEE a PhemBhy&tErhdoth hangiiohor the

applied gain to generate a sound |l evel at the
eardrum which is insignificant with regards to the
' wsuch that the risk for phase disruption

An ex?@pﬁé%fﬁ@&é&ebn% al. When the criterion is no | onger

net before the danpi ng has reached equilibriuma new

cycle is commenced, where pi is now the actual val ue
f(r) 282 TﬁeAd%%Fﬁﬁdﬂder?amm the 25 particular tinehe

criteri onrc3amdAy AMlas chahged, and p2 = 0 dB. As soon

as the criterion SG< DIG + k is not fulfilled

‘anynore, the applied gain begins to rise again toward
The chitBresdiortiablon Be@niBishowsbrupliy thaBansitidahouXy eEsurt With a

‘the criterion is met, the danping function danpens
high ¢; the tagrsiticrdodesiss abrypy @t 4aiZn whereasda velydow-omalges apalmost

e BAGEARR SAATEC A BN Vi e

" dampify!fin@Rpkhdestinfeetd IRave HBeffect! RighT duriiikrtshewdampexagnple of

function is shown for different conpression factoss,
the dynamical compenartionfor dire¢tsognd mdeseeld Sl 30 € FHAS t he

mnimal anplification limt, and stays bel ow for over

1 second. This provides a pronpt yet snpoth
Accordiihgns ahbthier eAvboelirasnt! of tid pri3entipvestion, a hearing aid gain is

provided that :s restricted by the minimal amplification as illustrated in Fig. 9.
According to this embodiment, it is provided to compensate for the DTG by never
letting the hearing aid gain get lower than HA = DTG + k. This means that the
original gain is Imodiﬁed with a damping function, which always generates an _
applied gain that is DTG + k or above. This method may be used either on its own,
but also in conjunction with é static compensation, such that some bands may be
turned off, whereas otﬁer bands may be ruled by the dynamic compensation by
restricting the gain to a minimal value of DTG + k. When the damping function is

added to the gray part of the hearing aid gain, the flat line results as shown in Fig. 9.

According to embodiments of the present invention, systems and hearing aids
described herein may be implemented on signal processing devices suitable for the

same, such as, e.g., digital sighal processors, analogue/digital signal processing
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10f (t)- P2 -191 Arc tan - AT/ + P2 -121 2ArctancAT
/22 (3) The conpression factor ¢ controls how
abruptly the transition should occur. Wth a high c,
- WOZR@/®9Hfsi ti on occurs abruptly at AT/ 2, vvhe?@E@P@“’”“Sls”
very low ¢ nmakes an al nost” | inear transition between
. pi and p2. Note that there is a tine delay since the
systefs inelogiing dieldymogranmabkdzate iamays (FPGAY, slands=rt grocessors, or

MY A ey
that tHOwholb sy8&r® ‘iéﬁhﬂﬂeh@n%ﬂ% %@'n@@’@%ﬂﬂa“@%p@ﬁeﬁt@en éhough

present i nvention, a hearing gain is provid
sometpaats dosiid b@tmmlemtad/lntmmrrwww alhkown fthei siiflegperson.

illustrated in Fig. 9.. 20 According to this

enbodi nent, it is provided to conpensate for the DIG

Heariby aitisy ﬁ'fethcﬁ:ts‘; systetisearitosthendevicas gaiondige to bmmmmem of

the prpget TSN 7o, bR IRBIPTE oM b s G108 el provessing
systerglefl*ﬁé ﬁbﬁﬁn@ﬁ:&?ﬁ'léﬂ%sgﬁd”dé\f?@s may Blde te tséd b@@? the

y be used either on'its own,
audlolqglat ima Gitingi sessiant Methastsadcerdiegriseieresent invastion may also

be imBRTrRe e BBp 0 Brod Himsshtahing HBE(BBR 5-BRim 1B08°

executifg iméthbd gcddrdingad eribmdimentsidestribed beredr. HBT Gleht-lserver-
When t he danpi ng functi op is added to the
enviraBMANies Kt FRETEPRA BRNHO! HRQIEFS MYSHEOR CoTiPrseqa remote

servePOANButeR izt 8mbodiddCs Q\P&éﬁtgaécﬁr(ﬂﬁﬁ) Rﬁth@‘%ﬂb%rﬂﬂnﬁéﬂﬁon and

present 1 nvention, syst ens and hearli ng ai d

~ hosts tlescormpeigr psmamn empubieg mqﬂneﬂm&ceedmt%tt@msent invention.

eSSI uit fo
Accoring 16 $hpfify SFtiRfRat 5l Shulucirobizin pRTet RReEH cwuter
readaslegst@ﬂag@rm@maﬁi, R exX4B PO A G ISR GTMERIDPY Z065 H8N-ROM,
a DVD, a flash memory, or another suitable storage medium, is provided for storing

the computer program accerding {o the present invention.

According to a further embodiment, the program code may be stored in a memory
of a digital hearing device or a computer memory and executed by the hearing aid
device itself or a processing unit like a CPU thereof or by any other suitable

processor or a computer executing a method according to the described

embodiments.

Having described and itiustrated the principles of the present invention in
embodiments thereof, it should be apparent to those skilled in the art that the
present invention may be modified in arrangement and detail without departing from
such principles. Changes and modifications within the scope of the present
invention may be made without departing from the spirit thereof, and the present

invention includes all such changes and modifications.



17 systens including field programmabl e gate arrays
(FPGA), standard processors, or application specific
signal processors (ASSP or ASIC). Cobviously, it is
preferred that the whole systemis inplenented in a

- single digital conponent evzg t'hough sone parts coul d
be inplenmented in other ways®- all known to the
skilled person. 5 Hearing aids, nethods, systens and

- ot her devices according to enbodi nents of the present
i nvention may be inplenmented in any suitable digital.
signal processing system The hearing aids, nethods
and devi ces nmay al so be used by, e.g., the ' -

" audiologist in a fitting session. Methods according

~ to the present.invention may al so 10 be inpl enented
in a conputer program containing executable program
code executi ng nethgggﬂiégiggiggmsg enbodi nents
descri bed herein. |- + renvironment -is
used, an enbodi ment of the present invention.

~conprises a renote server conputer that enbodies a-
systen1accord|ng to the present invention and hosts-

1. ” A B R B GO BRSPSt in

an8 %’ﬂocﬂjtgﬁf‘iransﬁué@mﬁi@ sighabprouessingdneans bemg adapted to
r readabl'e storage nedlugkbfor ex %B p
redan{ﬁppty input isigral frempthe miGrerhone Saéd pa pJ°P??ﬂﬂg

me:?'r%ggé égas{egqgg%)}ﬂ #@B I’I‘P%t er. program agggt?é)rc}duce an |

‘oufpdt h%aamfoese ampuawrsam outpd transduckrnand whersin salﬁe&gnai

provsseng opase G SoMRES Fusats o BBiRE S fding o gai
furllel % rﬂagn.ﬁeae%ea.ﬁ% bya pedetarirsdimaryin Gom & irett

or-a processing unit T1ke a CPU thereof or gg,an j =
trangrhissionigaia kmb&:qhatedefesdifeﬁirsoalné’d?ﬁaﬁ‘éﬁg 83%’8 ""ng'g when

net hqd- accor di to.t twee d
womby ﬁﬁ usesaye! gng% %H‘%%e(fﬁ%* foh Ee D | Em Iggs of SoUn
| outEE E;Sﬁ%ﬁtphf‘tféﬁ&ddﬁér Iahdéﬁdi@d!reeirﬁcmndher cof , It |
be apparent to those skilled in the art t hat
t he present i nvention may be nodified i'n arrangenernt
_ and detai-l w thout departing from such prlnC|pIes
L Changes and nodifications within the- scope of th
2. ThePhé: aapamremgutorcmywwhme smdtrne@ns aﬁwﬁtlﬂg said

g ol Sy ek Aol 3380410 48! e
| heﬁg%@r ﬁ!o%@a%mt;@ al F% gglggrenarmgraas gain @us saidssafety
margin it said dueadng @id gam is BQQ@MFP °bP6'8@’§é'£§ “?n&g@sﬂé?ﬂa"

o adapted to receive an input signal fromthe
: Qa"hicrophone, wherein said signal processing neans is

adapted to apply a hearing aid gain to said input

signal to produce an output signal to be out put by

Sai d out put transducer, and wherein said signa

n. [2 Gyl apgin k is a gain

5. Trel R B Rg 2. i T py igin kis 20

valuggEigithe udage bt tditsfdB spieferably eldfeteethiBed margin from
a direct transm ssion gain calculated for direct-
sound bypassing the hearing aid when worn by its user
avoi ding an increased risk of phase disruption

bet ween sound out put by said outgut transducer
4. Thedweiatingi aid accerdingito claim 2, wherein said sa ty margin k i i§a gasn

value of 7 to 8 dB.



2. The hearing aid according to claim1, wherein said
means for adjusting said hearing aid gain provides a
safety margin k and is adapted to adjust said hearing
.aid gain to a magnitude equal to said hearing aid
gain plus said safety nargig k if said hearing aid
gain is equal to or below s Pd di rect transm ssion
gain. 3. The hearing aid according to claim 2,
wherein said safety margin k is a gain value in the. .
range of 1 to 15 dB, preferably of 5 to 15 dB. 4. The
hearlng aid according to claim2, wherein sai-d safety

T'ﬁ%rf@a?in a‘lc?aéccﬁﬂiﬂa t6necofdhe prédeding Blaims, widisin said means

- hearing~alrd according to one of t he precedln cl ai 1rs,
fmmijustungssallddhemmg; akdgain g adapted te adjush aadlhegnag @id gain by a
_ galn IS, aﬁggted to(f .ust said hearing aid gain by a
Mgn%fso? PN A 9@ aid gain. 6. The hearing aid
according to one of the precedlng claims, wherein -
said hearing aid further conprises a nenory adapted
to store said direct transmi ssion-gain calculated for

T NS AR R B S o

a»lﬁﬁsﬁth‘erf compides ¢ mmmladiabmﬁ tcngtota shidainect fransiigsied gain -
‘apply said sound, | ev depende hearlgg ai d,- aHn '
calgisia OF s3id heargg aid d 86, HFé‘éGE-ea f‘Pe%(PVH salingPye
* OERUH Regl  a 0 nfo i
aid gamris lﬂdaptedatocapply said souaddeveldapendenbhearingraid gain to sald

Ny SIaced Iy oiee & heAtiaAid st Aniidt Pty sl st said
hetﬁﬁggﬁjgélﬂ i adRR Sy iF 3hid MRfing gidaRim is'\edual &ﬂlcﬁh&i‘lﬂj&g:gmd

_ sion dain plus said safety margin k, and, i

,dfredutcansmssmggaim gain is smaller than said direct
transm ssion gain plus said safety mar gi n k, said
means for adjusting said hearing aid gain is adapted

to | ower said hearlng aid gain by a factor F and to
roduce saj

7. m65§§ﬂ3§ %&%m"wed Gickhim 6, hereln P Pt BpreRgTg eans
furtfiet Boﬂn %ﬁﬁg F‘Jt&eédé gtad té%ﬁ:piiré%ﬁtd ﬁéamgrgaﬁﬁmn said

gain p ety margi n-k, said neans:
diremt ;ransms;ncmagainmius saig safetygnargin, andpf s,@dtheaugﬁ aid gain is

o ot S e Pl A 5201 SPhA R sl roans

for ﬁd}%ﬂr@ sl feaiifgid galisutiaptd ko Ibavarsdid hedrivgy didgain by a -
gal n conprises a set of frequency and i nput

facter 5 aarl Daselsaich iveredthegsing aid| g%e%t%ewﬁe gad aypplified -

outrl 3o, and AR Helfif pid et BuiaPBlfoer arfad diregt.
transmizsitn gain phessaid sﬁebysnafglrﬁ k; shdrmada@fwadjustmgtsalm
an -actual tine s Ie 0 u n and .t
heay &i9aR is-A0ARtoE 1P L3R S APATING B 93indD S0 el
in for-said actual tinme sanple, said
“‘PE@% [ Er@ al g ?ﬁrt her conprises a conparator adapted to
- conpare said surveillance gain with said direct '
transm ssion gain plus said safety margin k, and, if
_ said surveillance gain is smaller than said dlrect
8.The héérﬂ{gSéig' atebRiing t tidinEof Al whendinsaideagidletie! dayeddent

means for adjusting said hearlng aid ?aln I s adapt ed
hearing actbgaamwsmm satof lequensy aohinnyt signatievel dependenf

gain s obelitef ra] Medieatu i Paodlie, " 275,

margi n k, said nmeans for adjusting said hearing aid
gain is adapted to increase said danping function
toward O dB, and said neans for adjusting said
hearing aid gain is adapted then to cal cul ate said

hearing aid gain



by addi ng said danping function to said surveillance
gain, and to use said calculated hearing aid gain to
produce said anplified output signal. 10. The heari ng
aid according to claim9, wherein said surveillance
gain conprises a set of fregyency dependent gain

val ues obtai ned fromsaid sound | evel dependent
hearing aid gain set at said actual tinme sanple. 11.
The hearing aid according to one of the preceding -

~clainms, wherein said neans for adjusting said hearing
i-ng aid gain

, aid gain is adapted not to set said hea )
9. Theohearing ajd mrﬁmgm‘@a@n Pewnemin s 'SQ@?LR"?@&SW"QB ng is
e e bekain'an ol (R8Il oo Lt LigHal Andt5
_cakothts al survéilidricer gdin fron saldrsiound leved hearing aidgaimeor said
o R g Ao ol s ol chpaftor scapted o
coMPARF Sl SlcRlarics gl Jith said Srétthnimiseicr gdifiplis said
| s:afet;e:m;giem Byd, igsaidawvefimwims_csrwleé thamgpid dirert| m
‘ 12, wher n : N0 A
* trg iR i Bl 0% 3R RlarftfK Sttt i dBRRIAT sa”
héiitd 48 gaiirflisGiaptad to/décreasse dantping fumtibm toleardhefachs F,
.the other frequency bands are turRed off., 14, The, . .
ansk i sakd sunvgilanee waimi§ eaval phlangerdhanpaid digct kpRemisaien gain

PSSRV R S Ml Bt oo Sd ReaiaT et i e
- adaptet! toincruabaisaid dampingiunblion towaad 6dii) endesail meansier
aclisipd et hrang s0aaR fadaied 1L s St eing aid gain
by @cfdling €418'dafiph9g function to said surveillance gain, and fo use said
ca‘ic,u!ated- hearing aid gain to produce said ampiified putput signal.

10.The hearing aid aceording fo claim 9,"whéreiﬁ said surveiliance gain-comprises |
a set of frequency dependent gain values obtained from said sound level -~
dependent‘rheaf'ing aid gain set at said actual time sample. _' o

1 1 . The hearing aid acoord'ing to one of the preceding claims, wheréin said means
for adjusting said hearing aid gain is_;_gga_g_ted not to set said hearing aid gain to
" avalue below said direct transmission gain plus a safety margin k. '

12. The hearing aid according to one of the preceding claims, further comprising a
‘band-spilit filter for converting said input signal into band-split input signals of a
plurality of frequency bands and wherein said hearing aid is further adapted to



estimating an effective vent paranmeter for said
hearing aid; calculating a direct transm ssion gain

- based on said effective vent paraneter; calculating a
hearing aid gain suitable to produce from an i nput
signal a hearing deficit caomgensation output signal;
conparing the hearing aid galn to said direct

© - transm. ring

PiocES5 A baftsbh gyt Hinald hlondfcsdl pogueieytbrteer Tt
mﬁég@fd@ng ion gain by nore than a predeterm ned val ue. .

16. The met hod according to claim 15, wherein said
step of estimating said effective vent paraneter

conprises; - measuring a loop gain of an in-situ
hearing aid; and - 22 - estimating-said effective
13. Theemaﬂhgra’:iﬂemrdﬁmtcsdadn HRawhereinisdicomedns fonadjasting said

. that vent, par arret al d, ffectlve ven F anet er
hearipg ajst gRinde3dan sQP %ﬁ%’@ﬂ é?'%g}eanng aid gain

ﬂ%ﬂ?%ég%%ﬁbﬂ é%m&eﬁ bands @pd furned

on%ﬁ%ﬁ;ﬁf‘er ccording to SPal ‘m 15 or 1%}{ wherein -

_ offsaid step of calculating said direct transmssion
gai n conprises calculating a set of frequency '

dependent direct transm ssion gain values. 18. The
" met hod according to claim16, wherein said | oop gain

is measured by a feedback test of said hea |n ai.d.

14, Thegeamaadeamadmmtn'gm Jvherginsaid means for 3 E’&F'BQ said

e i O e i e
mfcer!am freqdéntpbaAds bassden saithbearingaididain it these

of obt ai ni ng a sound | evel . dependent hearing aid gain.

frewmvbgnﬁe a set of frequency and input sound |evel
dependent gain values froma hearing threshold | evel
and a fitting. rati-onale. 21. A nethod of conpensating

direct sound in-a hearing ai d conprising at |east one -

: 15Am&,tr§:rg€;§thone %%‘ﬂ“c' $eksd T ifttted SO0 in £ n8hARG b

comprising:
est:matmg an eﬁ’ectlve vent parameter for said heanng ald

| caiculating a direct transmission gam based on sand effective vent

-

- parameter ,
' calculatlng a heanng aid gain suitable to produce from an mput sngnaf a

heanng deﬁclt compensation output sugnal 7

comparing the heaﬂng aid gain fo said direct transmlss:on gain; and
further adjusting said hearing aid gain up or down until it differs from said
direct fransmission gain by mcfe than a predetermined value.

16.The method according to claim 15, wherem said step of estrmat:ng said eﬁectwe

vent parameter comprases
measuring a loop gain of an m»srtu hearing aid; and



out put signal fromsaid input signal, and an out put
transducer outputting said output signal, wherein
said nmethod conprises. storing a direct transm ssion
gain calculated for direct sound bypassing said
hearing aid when worn by itsyuser in a nenory of said
hearing aid; providing a sound: | evel dependent

FES&nWE%ﬁ@SEd@tma@a%‘ﬁ%@ﬁhSaLndgp%BLiy inng

L Yo e A Al P ovides th e

ad] fitbetwle s a aumitasridf predetemnindd fidewy gaiby and the measured loop
predeterm ned nmargin -from said direct transm ssion

gai9®voi di ng an increased risk of phase.disruption -
bet ween the sound out put by said output transducer
‘and said direct sound. 22. The method according to
claim 21, ‘wherein said nethod further conprises:-

7. e B RSB SRR B e SAkllabrg gt o

di?é@t tEEHSMIBSion gﬁiﬂ sorapfiséy caloulating & sef offrequemey dependent
gain is equal to or below said direct -

dwcaﬁmsgys%anganwa!m The et hod according to claim
22, wherein the safety margin is - a.gain value in the
range between -0 and 15 dB, and preferably between 5

"dB and 15 dB. 24. The nethod according to claim22,

| n,the ty r'n'sa a' alue.of 7.to0 8-
18. Thymeihgd hiieorip o palat S vhsrei, i Ibosedals i el fﬁ@va'
' feddbaclsehfsdidhafhgRi®! adjusting said hearing aid

gai n.conpri ses: conmparing saird hearing ai d ga| n -
with said direct. transm ssion gain.plus said safety
-margin k; if said hearing ai d gain is smal | .er -t han

said direct transm ssion gain plus said safety. nargin
- 19. Thie, mbthoelr adwrcﬁﬁg to biaimi 18) vdlaiengesard fepdbadiatesbis perforthed

ysi ai wer.ed r ald ain to- produce said
duans%ﬁm aﬁsafms a&ﬁ?ﬂ *hegu o P |

- 20, The method-according to one of claims 15 to 19, further comprising the step of
ubta:mng a sound level dependent heanng aid gain compnsxng a set of -
frequency and mput sound level dependent gam values from a heanng thresho!d
level and a fiting rahonaie '

21.A method of compensatmg dlrect sound in a heanng a:d compnsang at least one
macrophone producing an input signal, a sngnal processing means producing an
output signal from said input signal, and an output transducer outputting salql

: output. signal ‘wherein said method comprises: _
| . storing a-direct fransmission gain calculated for direct sound bypassing said .
hearing aid when wom by its user in a memory of said hearing aid;
- prowdmg a sound level dependent hearing aid gain; and .



if said hearing aid gain is equal or larger than said
direct transm ssion gain plus said safety margin Kk,
using said hearing aid gain to produce said anpllfled
out put signal. 26. The nmethod according to one of °
claims 21 to 24, further compfising: - obt ai ni ng. an
actual tine sanple of said input signal; -

cal gpﬁ:ﬁhge@z@swﬂd Riviel d85éndEnt he&ﬁﬁga&ﬁgﬂnwaaa ihgSignal to -

hear ain for sald actual tine sanple
cormadua@aémaaingmzd galin ampéifieghbutput signehwdlenem eetd hearing aid

Sy P s ey SR 1 2 P Bt RS dprmdelmrined

tr Qﬁéiﬂlﬁﬁbﬁﬂsﬁﬂmﬁt H%n&ﬁis%r i lévﬁﬁ' ) 8n increased risk of
decredsing a_ danping function toward actor F, if

' s amaea rdmupnmhbelvgeemthessmmamutbut byasajd reutnu.trva@educer and
r sion gain plus said safety margin k, ‘
5%@%@?%%q%ﬂb®'danplng function toward 0 dB; - -
calculatlng said hearing aid gain by addi ng said
-danplng function to said survelllanee gai'n; and
usi ng sald cal cul at ed hearing aid gain to produce

- 22. TREHEtREE ;baﬂ]g;w 8§&n%‘1gﬂlﬁlereﬁ§al d'th%urvel er comprisesi—

accor |ng wher el n sail ‘ance
defining & eafety mergivfk;fambjuency dependent .gai n -val ues
obt ajned frqm sai.d sqund. | evel dent ear1 aj d
ga.advg%mgaﬁa@h%ﬂasﬁﬁaan (G wagpiade Sgai gaid
: %’i défhﬁ‘l'lﬂﬁsalh ﬁéa aiﬁ@a‘iﬂ‘%requai to or below
ri |ng at sal earing aid I n i's not
: tosla@ dmcttttanawas;megmt ow -sai d d| rect transm SSI on
gain plus a safety margin It. -25- 29. The met hod
according:.to one of claims 15 to 28, further
~conprising the step of convertlng sald i nput signa
“into band- spllt |n ut si gnal s_ of plurality. of

23. Theregthed mhe2. Whersin @erﬁaf%dnmﬂt s A gAin valu in -
méﬂafdde%?etﬁléénfooéna %‘Hé’fan%?w@ferably between 5 dB and 15 dB.

24 The method aocordmg to clalm 22, whereln the safety rnargln isa gam value of
7 to8dB.

25.The method accordmg to one of claims 21 to 24, wherem said step of adjustmg
said hearing aid gain comprises: ‘
- comparing said hearmg aid gain w:th sand direct transm:ssmn gain plus said
safety margin k; o
. if said hearing aid gam is smaller than said direct transmission gain plus |
said safely margin K. iowenng said hearing aid gain by a factor F and ussng
- said lowered hearing aid gain to produce said amplified output signal;



frequency bands. 30. The net hod according to claim29,
wherein said nmethod is applied only in sone frequency
bands whereas the other frequency bands are turned
off. 31. The nethod according to claim29, wherein
sai d nmet hod further conprisesgenabling or disabling
of said nethod in certain frequency bands based on

S, S0 Bt B 1l sion s

st ephiscfaidsafatymaargin k; usiogrsaid heaningaidigain ioepradum;seld

on sai rect tran m ssion gain. 33.A systemfor
gﬁ?&ﬂ@’lﬂ?'@@? "sound in a hearing aid conprising

means for carrying out a nethod according to one of
claiqms 15 to 32. 34. A conputer program.conprising
~execut abl e -program code which, when executed on a-

h er
2o, MRt R0 ¥ P G 6 2 P S
C WhtAiIniHg ¢h acloalmmeaniple &fishi iNpai sigiau t h exec ut abl e
pro ram code whi ch, when_ executed on. ‘
atinga mﬂlenee earrufre@ sajd éﬁen%fevel %ﬁ&rﬁlg@d {@gin for said
32 actual time sample; . '
| companng said survelllance gam wuth said dlrect tfansm:ssmn galn plus sard '
safety margin K; _ o
if said surveillance gam is smailer than sa:d dlrect transmxssnon gain plus
- said safety margm K, decreasmg a dampmg function. teward a factor F;
- if said survelllance gain is equal or Iarger than said direct transmussuon gain
ptus said safety margin k, mcreasmg said damp:ng functlon toward 0 dB
calculaﬁng said heanng aid gam by adding sa:d dampmg funchon to sald

surveillance gain; and
using said calculated heanng aid gam fo produce sa:d amplified output

signal..

27.The method according fo claim 26, wherein said surveiflance gain comprises a
~ set of frequency dependent gam values obtamed from said sound Ievel :
dependent hearmg aid gain set at sald actual time sample

28. The method according to one of claims 21 to 29,—f|,|rther comprising that said
hearing aid gain is not allowed io be set fo a vailue below said direct |

' transmission gain plus a safety margin k.



- -25-

29. The method éccording to one of claims 15 to 28, further bomprising the step of
converting said input s:gnal into band-spllt input sngnals of a plurality of- |
frequency bands and wherein said method is further camed out for each of said
frequenpy bands.

30. The method according fo claim 29, whefeln said method is applied only i in some
frequency bands whereas the other ﬁequency bands are turned off.

31.The method accordmg to c!alm 29 ‘wherein said method further compnses 7
enablmg or disabling of sald method in oertam frequency bands based on said
_ hearmg aid gam ' ' '

32. The method according to claim 29, further comprising enabling or disabling
steps of said method in certain frequency bands based on said dlrect
transmnssuon gam |

: 33 A system for compensatmg dtrect sound in"a hearing ard oompnsmg means for
carrymg out a method accordlng to one of claims 15 to 32 '

N 34;A oompuféf,program comprising'executableprograrﬁ code which, when
executed on a computer, executes a method accarding to one of claims 15 fo

35.A computer program produE:t confaining é computer readabie medium with
executable program code which, when exascuted on a computer executes a
“method accordmg to one of claims 15 to 32. '



